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Page 76: The plus sign in the ‘denominators ot the formule (a), 


same correction in formule on No. 2 90). 


ee sis Add another cipher to the numerators of formule on Diagram No. 2 ‘a 
es The text should have explained that the point of reversion of the i 
 eurves on Diagram No. 2, being assumed at 80 radii of gyration for (a), 


‘ (b) and (c), and at 33 radii of gyration for (d), the plus sign ‘should only Ee oy 


4. 


be used for values of R greater than these numbers ; for values. ae R less ce 
than these numbers, the minus sign should be used. 
a Formule (6) to (14) wre derived from the above formule will of 
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“EBENTED AT THE 13TH ANNUAL CONVENTION, JI 
C. Cuarke, A. Bonzano, JoHn GrirFen and DAvip 2 
oe qq Phenix columns, such as are used in bridges, made upon the U.S. © ee 
' Government testing machine at Watertown (Mass.) Arsenal, at their ao eo 


in which the tests were made, by James E. Howard, C. E., the official in 
charge of testing machine 
_. These results show that Gordon’s formula does not express the true or 
strength of these columns; and it would appear that separate formule —_ 
would have to be used for long and for short columns below 15 diameters, 


result indicated by Hod 
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“the whol is is submitted in ‘the it will throw 
ion, , and aid further study 


The 8. Government “testing machine an hydraulic, b horizontal 


‘machine, It has a capacity of 800 000 pounds for strains of 


tension or compression, and ‘capable of receiving sp. specimens of any length 
=. to 30 feet , and bya ‘slight modification o: of "the parts ¢ can be adapted 
compression tests 31 feet 11 inches in length, and for | tensile of 


two ‘wrought iron 1 8h inches diameter, 48 feet long. 


forms, central with th the screws, ‘press hes a cylinder 20, inches 


by 24- ‘inch stroke ; it is carried truck ‘and moved from 


lengths, by on the main screws, the nuts being g driven 


bys a central shaft. 3 ‘These parts, 1 which are re subject to the greatest strains “ws x 
hile testing, ai are fixed or stationary as regards their relative position 


They “may take a a slight ‘movement i in 
by a bufling apparatus. power for moving the piston 


of as straining pre press is supplied from an accumulator. | This consists of rn 


“vertical cylinder, hav ing a 10- inch 1 ram which in n turn is bored and 


forms the cylinder for a 7y-inch ram. ‘Upon these rams, which are 
used independently, are | one, two or. masonry het 


a Wi varying the | ey linder préssure re from 780 pounds p per ‘square inch to 3 500 — 
per square inch. inch. . The: ram which is put into use, and the nu num- 
the s strength of the under 
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test. 
allows of rapid manipulation of the those pulsations 
directly into into the straining press cylinder are avoided. 
The apparatus for we weighing the strains applied to the specimen are he 


duplicate. hy draulic scale measures the loads from one end of the 
specimen ; “pressure with the straining indicate 


The ver veracity y of the pressure anges is by friction, 


With this apparatus it would a very y excellent testing machin ne if 
used without the hydraulic scale ; but the! latter, being entirely free fro 


friction, , admits of much closer weighing. 
use of the r rotary the manipulation of th th 


with th the machine are worthy of remark. They a are 

. ag gauges, have 20 in inch dial, and from 1 1000 10 Ibs. per square i inch t vant mem Ibs. 

square inch ‘capacity. The usual | difficulties i in the construction 4 

gauges have, with these, been entirely The of 


des descending coatings under the same loads. 


testing machin are ¢ corre t ne 


et load i is hare indicated. The of this m is machine is is in . ; 


large part due to the accuracy of the scale. has been tested in the 
most severe manner, satisfactory. th the fracture of a 


sion, ‘the scale correctly indicating th the load in each ease. Mt 


During the pretiminary work upon the testing- 1g-machine 


was s immediately ‘made to which with one pound q 
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hydraulic scale platforms receive directly the specimen loads, 4 
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“a yet been accomplished, when the mass of metal weighed isconsidered. 
The main weighing beam was temporarily arranged as an even balance 


scale, and standard weights adjusted upon it. Two 200 Ib. 
4 


“were e adjusted to 10 abe aoe of their weight. of this: size 


sveries of tests emb 


are inchen. Also the test of two colu nts 11.8 in 


9} inches, and 25 


diameter ; sectional aren, 18.3 inches an d 8 fee 


set 2 
Pi: The sectional area was computed from the weight of ‘the itil: 


measurements endl the specific gravity ‘gave the weight of thei iron 


were tested with fies ends. was taken that tthe strains o 


a while under test should pass exactly of the 
J 


‘columns. ends resting | between the planed faces | of con “compression 
orms in the testing machine were brought to a a good bearing. 


‘Short columns were unsupported between | the ends ; those from 10 


feet to 19 feet in length w were supported at ; the middle ; those above 19 


feet tong ‘bed two intermediate supports. For this purpose weights 


their proper length of were attached to one 
ig of @ rope, which rope was passed over an overhead pulley, and aes. 


its end secured to the column. 3 This secures the columns 
from any tendency to. deflect downward from their own we weight, 


allowing fi fll movement in direction cri ippling takes s place. 
method adopted in the tests, the being 


“properly i in position, n, was to apply an initial load of 10 000 Ibs. or 20 000 


Ibs., according to the weight of the column, , gradually ‘apply the higher — 4 
loa ds, and measure the amount of contraction at each 


- Between each increment of load, strains were nei to the ini 


vernier caliper 


the ends of ro 


In a be of cases strains were continued u until the columns _ 


were bent, one out of and the loads 


nches 
28 
; 8 inches to 
diameter, 4 segments, in dup — 
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4 surements were 
laid along the columns, reaching to the 
ith nd. Vertical and horizontal deflections 
i ether end. — 
ression platforms a 
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“they would sustain in that condition measured. The ‘elastic limit with 


columns was ascertained w with difficulty. a The earliest los loads devel- 
a slight permanent set, t, which higher str strains were 


the condition of the ends of tee columns, the flanges of some being 
shorter than the web ; ;in others: the ends were not squared off smoothly. 


reached. _ This behavior of the metal was attributed, in a certain degree, — y 


De When doubts existed as to where the elastic ant was, it is not es in 


| 


sustained. Observing a 4 feet column, No. 17 to ascertain therate 
of decrease i length a after the first yielding that strain had 

place, it was s found that ‘sustaining 430 000 Ibs. = = 35 590 Ibs, per — 
for 40 minutes, caused a further decrease in length of of .018 


‘This decrease in length took place in the followi ing time: 


4 the elastic limit comparative, ve, rather than absolute results, the 
i: time between loadings having been kept the same as } nearly as possible. 


The ul ultimate crippling | strength | was determined with 
By hurrying a test this point, without the metal wafficient 
i ‘es time in which to : act, a column could be made , apparently to sustain ae 
F higher load than i in| reality was possible. © _ The behavior of the he columns, = 
after r taking a a deflection of several | inches, wee remarkable. Ast the de- 
tails of the tests will show, they still retained a s sustaining 
power, and herein they differ materially lattice columns. 
a latter form, after | deflecting slightly, suddenly give way by tearing 0 gout 


of the lattice bars, after w which but ‘little strength, as as 


q 

| | 
; 

4 
= 
— 
— 
— 
a 


4 
= 


Form of and Approximate Dimensions. 
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eo centre toc centre of rivets. 


mns tested in a position. 


10 feet ‘and under 19 feet s supported at and “counter 


‘Those 19 feet and over counter weighted at one- third 


ion platforms, a few thousandths of a an ‘inch, when rendered n neces- 
sary ‘by the columns not havi ing g ends truly parallel. 


a were taken showing the total compression sel: the deflec- 
ons horizontally and and vertically at the ‘middle of the column. ae “eee 


bars columns were ‘positioned with flanges, as shown by the above ite 


sectional area was computed the weights of the 
the weight per cu inch 27556 pounds, found by careful -Measure- 


i ment of a 25 feet column and verified by specific gravity of ol aaa ot 


is somewhat difficult to determine in every” case ‘the limit 


elasticity the columns under light loads showing sonfe, permanent 


as though they were taking a better bearing or releasing some 
strains in the metal. However, t this one seems srather 


emonnting to a few thousandths in the longest 
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STATEMENT No. 1. 


8 feet. 
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Initial load on 000 pounds. 

Loads on specimen applied and permanent set “measured when load 

removed to initial strain. 
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No 1—Continued. 
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STATEMENT No, 2 — Continued. 
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Sustained after above ¢ deflection. 


134 E Blastic reaction. 
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of column... 
Sectional area 12.233 square inches reight, 1 034 
; Placed i in machine with hemispherical ends. al 


= The ends were found, however, pie to be nr at south 


Loaps Total Vertical 
APPLIED. * Deflec.  Deflec. 


Lbs. Inches Inches Inches Inches 7 
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20 000 out permanent deflection . 10 
inch, end now bearing one- half 
08 inch below centre line of column. 
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Paper wrapped around stems of hemispherical ends to bring sizeup 
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No. 3— Continued. 
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ul ‘85 570 pounds, 


Maximum deflection about one foot from middle 
Flanges open about . -01 inch b between rivets concaveside. 
ae Notwithstanding the large number of measurements taken of above ae 
‘column it is somewhat problematical what the Elastic Limit i is. 
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The permanent set of this column was probably mostly confines 
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ultimate strength had been determined by the. 
Under 1 loads exceeding ultimate strength, the columns yielded grad- 
nally, ond, as the results sh show, would a considerable load after 


‘aaa. set i in the specimen, 1, and w vhat is s simply y 


ATERTOWN ARSENAL, Ja ANUARY 19, 


‘TEST bad COMPRESSION OF TWO 6-SEGMENT PHQ@NIX COLUMNS. 

olumns aaah in ee machine with flanges i in position as show 
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Ultimate strength, 57 300 Ibs. square inch. 

— 

— 

Plastic limit is given for 8 columns, 4 
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11.8 inches. 


; 18.30 square inch 
Weigh 561 pounds. 
“4 Supported by two counter weights between ends. oe 
_ Vertical and horizontal gaugings taken at middle. 
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STATEMENT No. 21—Continued. 
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